Abstract. Nanographite film structures of different morphology have been grown on various substrates using the activated carbon fibers (ACF) as a source of nanographites. As was revealed from the data of Raman spectroscopy, the fabricated films consisted mainly of the same structural blocks as the initial ACF. Scanning electron microscopy was used to study the films morphology. The presence of lengthy zigzag edges in nanographites, which is prerequisite for their nontrivial electronic structure and magnetic characteristics, has been established. The X-ray photoelectron spectroscopy data show the appearance of expressed maxima in the C1s spectra of the films in the usually observable "diffuse" structure of π→π* shake-up satellites, π and π + σ plasmons.
Introduction
Nanographite belongs to the large family of promising nanoscale carbon materials with carbon honeycomb net. Due to combination of sub-miniature size and a number of valuable physical properties (good electrical conductivity, high emission values, nonlinear optical characteristics, and nontrivial magnetic properties) they could find practical applications in various engineering fields in the future [1] . In terms of practical application, the film structures and composites of nanographites are the most promising [2] .
Recently, different groups of researchers have tested various methods of fabricating films of nanographites [3] [4] [5] [6] [7] . The method of growing nanographites on a silicon substrate by plasma chemical vapor deposition from a mixture of methane and hydrogen was mastered to study their optoelectronic characteristics [3] [4] [5] . The authors of [6] reported on forming nanographite film by exposing a glass plate in the electrochemically prepared water-based nanographite colloid with simultaneous ultrasonic treatment of the solution. Nanographite assembled films were also grown from a stable dispersion of graphite particles obtained from natural graphite by ultrasonic crushing in various solvents [7] . However, one should mention that although in all these papers [3] [4] [5] [6] [7] graphite particles in the films had a thickness of several nanometers, their average lateral sizes were much greater than the corresponding nanographite size (≈3 nm), for which the theory predicts the maximum contribution of boundary π-electron states in the electronic structure near the Fermi level [8] and, as a result, fundamentally new physical and chemical properties of particles [1] . So the importance of the work aimed at formation and study of film structures of graphite particles with nanometric lateral sizes is evident.
This paper presents the data on the films assembled from graphite particles of nanometric lateral sizes (≈3 nm) on various substrates (Si and Cu).
Experimental
Initial material and devices for sample preparation and measurements. Polyacrylonitrile activated carbon fibers (ACF) was chosen as the source of nanographites. For samples preparation, a SONOPULS GH2070 ultrasonic disperser (BANDELIN Electronic GmbH & Co. KG, Germany) and a 5417R centrifuge (EPPENDORF, Germany) were used.
The X-ray diffraction (XRD) pattern of the ACF was recorded on a D8 ADVANCE diffractometer (Bruker, Germany) using CuK α radiation (λ = 0.15417 nm) in the Bragg-Brentano focusing geometry. ACF and films microimages were obtained using a Hitachi S5500 scanning electron microscope (SEM) (Hitachi, Ltd, Japan) with an energy dispersion X-ray accessory. Raman spectra were obtained using an RFS 100/S spectrometer (Bruker, Germany) with λ=1064 nm. The X-ray photoelectron spectra (XPS) were measured using a SPECS device (SPECS GmbH, Germany) with nonmonochromatic AlK α radiation (hν = 1486.6 eV).
Results and Discussion
SEM and XRD studies of initial ACF. The polyacrylonitrile ACF comprises a three-dimensional disordered network of nanographites [9] . Fig. 1 shows SEM image of ACF. The XRD pattern of these fibers corrected for absorption, polarization, Lorentz factor, and atomic form factor (interference function) can be represented as a sum of five Lorentzian lines (Fig. 2) corresponding to (002), (100), (004), (110), and (006) reflections [10] . As follows from the width of the (002) reflection, the average domain size of the graphite in the direction perpendicular to the carbon layers is L с ≈0.8 nm.
The interlayer distance d с ≈0,366 nm was calculated from the position of that reflection. Similarly, the width of the (100) reflection enables one to estimate the average domain size in the plane of the carbon layers L a ≈3 nm. Therefore, according to XRD data, the domains of graphite in ACF are in the nanosized range in all three dimensions and comprise stacks of three (in average) nanographenes with the interlayer distance substantially greater than that in the macroscopic ordered graphite (d c = 0.335 nm).
Samples preparation.
The procedure for the formation of film structures of nanographite consisted of the following steps. Preliminarily, the original fibers were partially purified from free amorphous phase by pumping them in high vacuum in the temperature range 400-800ºC for 30-40 hours. According to earlier studies [11] , the content of oxygen and free amorphous impurity in ACF decrease after the application of the above procedures. The number of different bonds linking nanographites together decreases as well. Next, mechanically crushed fibers were used to prepare a suspension in aqueous-alcohol solution. As was found in [7] , the presence of various surface active stabilizers in solution resulted in formation of the oxidized graphite phase. Thus, in our experiments, in order to avoid possible modifications of the edges of the graphite nanoparticles, we did not use any stabilizers. Thereafter, the suspension was sonicated at 40 kHz and 200 W during 1-2 hours, centrifuged, and decanted. Evaporation of the liquid fraction of the slurry was carried out in the temperature range 60-80°C on the surfaces of copper and silicon substrates. Thus, the dispersed phase (presumably, nanographite particles) was coated on the surface thereof. If only a small amount of suspension was evaporated on the substrate surface, the individual nanographite particles can be 
18
Physics and Technology of Nanostructured Materials III (Supplement Book) discerned (Fig. 3) . The increase of the amount of the evaporated suspension results in formation of films of various morphologies on the substrate surface.
Study of the films morphology. Application of various methods of synthesis allowed fabricating nanographite films of two types differing in morphology (Fig. 4) . Fig. 4a presents SEM images of the film on the copper substrate designated as the type I film. In the course of its formation, the lowfrequency vibration was applied in addition to the slurry heating. As a result, we obtained a uniform (continuous) coating of tightly adjacent nanometer-sized particles and their aggregates. Figures 4b, c show SEM images of the films of a different morphology (type II) fabricated by simple evaporation of the liquid fraction of suspension on copper and silicon substrates, consequently. In this case, the films have a porous structure. Taking into account the identity of the starting material used, it can be assumed that they are "constructed" from the same nanosized particles as the film of type I. The element analysis carried out simultaneously with recording the SEM images of the films showed that in all cases their structural blocks represented the carbon particles.
In some cases the deviation in pretreatment of ACF and synthesis conditions, the films growth on the substrate surface is accompanied by the formation of various carbon structures: hexagonal nanocrystals (possibly multilayered Solid State Phenomena Vol. 247nanographite) (Fig. 5a ); spherical structures ( Fig. 5b ) reminiscent of the fullerenes C 24 ; and tubular structures that seem like growing from the film (Figs. 5c, d) . The obvious effect of these artifacts in the structure of nanographite film on the result of their parameters study focused our efforts on studies of the films of types I and II.
Raman data. Fig. 6a-c show the Raman spectra of ACF and films of both types on a copper substrate in the frequency range 900-2000 cm -1 . The peak observed at 1598 ± 2 cm -1 apparently represents an unresolved superposition of the graphite component G and the component D' initiated by intralayer defects. The peak D (≈1300 cm -1 ) is associated with disordered and defective graphite structure [12] . The peak D" (≈1520 cm -1 ) is caused by the presence of impurity of the sp 2 -hybridized amorphous carbon in the samples [13] . The peak Т (≈1200 cm -1 ) is possibly caused by disturbance of the graphene layers planarity, for instance, due to changes in the type of hybridization of the valence electrons of the edge carbon atoms [12] .
The in-plane crystallite size of graphite, L a is shown to be inversely proportional to the ratio of D and G band intensities (I D /I G ratio) [14] . An overlapping of G and D' component of the Raman spectrum complicates the analysis of the relationship I D /I G . However, in all cases, comparison of the Raman spectra of ACF and investigated films (Fig. 6 a-c) allows assuming that in all of them I D /I G >1. Taking into account the XRD data for the initial ACF, one can conclude that ACF and the fabricated films mainly consist of similar structural blocks, i.e. nanographites. XPS data. XPS studies revealed the differences in the spectra of photoelectron characteristic losses located at the higher binding energies with respect to the main C1s line for ACF and for the films of type II on silicon and copper substrates. In addition to "diffuse" structures in the areas of π→π* shake-up losses, π and π+σ plasmons, being characteristic of ACF (Fig. 7, spectrum a) , in the spectra of type II films the expressed maxima (Fig. 7, spectra b,  c) shifted toward lower binding energy relative to that in the bulk graphite] were found. These facts are in agreement with the electron energy loss spectroscopy data for graphene foam [15] . In our case, the reason of this could be the same: lesser packing density of nanographite in films as compared to the ACF and weaker (than in ACF) Van der Waals interactions between the carbon layers in the nanographite.
Study of the shape of the edges in the porous nanographite films. In the films of the type II, one should mention a large "length" of free edges (Fig. 4 b, c) . Here, they have well expressed angulate shape, which is typical for the flat pieces of the honeycomb network of sp 2 -hybridized carbon atoms. Figure 8 (left) shows the examples of possible corner angles and the structure of adjacent nanographene edges. One can see that the corners of 60º and 120º, both internal and external, are formed between segments of adjacent nanographene edges having the same (either zigzag or armchair) shapes. The corners of 90º and 150º are formed by the adjacent segments of nanographite edges having different shapes. 
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As seen from Figs. 8 a, b , the angles of 90º and 150º are present between edge segments of nanographene, being an external layer of nanographite -the structural block of a film with porous morphology. Therefore, nanographites, that form these films contain extended sections of zigzag configuration of the edge carbon atoms.
According to both theoretical [1, [16] [17] [18] and experimental studies [1, 2, [19] [20] [21] [22] [23] [24] [25] near the zigzag edges of honeycomb carbon structures the specific edge π-electron states form, whose energy of peak in the electron density of states is only 25±5 meV below the Fermi energy. Spins of carbon atoms in zigzag edges are polarized [1, 2, [16] [17] [18] . If the carbon atoms of adjacent zigzag edges of nanographene belong to one of its sublattice (this is possible when the angle between them is 60°), their spins obviously be polarized in the same direction. If the carbon atoms of adjacent zigzag edges of nanographene belong to its different sublattices (this is possible at an angle of 120° between them), then the polarization direction of the spins therein will be opposite. Thus, the SEM data of type II films on a silicon substrate (Fig. 8) indicate the existence spin-polarized and, possibly, antiferromagnetically ordered edge states in the nanographites.
Note also, that the systems of graphite with virtually "open" edges can greatly facilitate/simplify procedures of its intercalation and chemical modification of nanographite edges in order to impart nanographites and their film structures with new physical and chemical properties [11] .
Summary
Using ACF as a source of nanographite, different film structures of nanographite on silicon and copper substrates have been grown and their morphologies have been studied. On the basis of microscopic data, two types of films differing in spatial structure (packing) of nanographites on the substrates have been identified. Raman data show that films basically consist of the same structural blocks (nanographites) as the initial ACF. It has been concluded that there are lengthy edges of zigzag shape in film-forming nanographites. It was concluded that the presence of extended zigzag rows of edge carbon atoms in nanographite films was a prerequisite for their nontrivial electronic structure and magnetic properties.
